Intertemporal choices are common and consequential to private and public life. Thus, there is considerable interest in understanding the neural basis of intertemporal decision making. In this minireview, we briefly describe conceptual and psychological perspectives on intertemporal choice and then provide a comprehensive evaluation of the neural structures and signals that comprise the underlying corticolimbic-striatal circuit. Even though great advances have been made, our understanding of the neurobiology of intertemporal choice is still in its infancy because of the complex and dynamic nature of this form of decision making. We close by briefly discussing recommendations for the future study of intertemporal choice research.
Introduction
Among the countless behaviors studied by neuroscientists, value-based decision making engenders great fascination because of the ease with which people can think of examples from their own lives-routine decisions like selecting what/when to eat as well as more profound decisions like choosing whether to pursue an advanced degree or determining the right time to invest in a home. Such examples highlight the fact that many of the value-based decisions humans and other animals regularly face are intertemporal choices, decisions between options available at different times.
Individuals across species respond to intertemporal choices by delay discounting, a phenomenon by which their subjective valuation of reward declines with a delay (Ainslie, 1975; Mazur, 1997) . Not only do individuals prefer an immediately available reward over a delayed reward when given the choice between equallysized reward options, but their preference for an objectively larger reward is also reduced when its receipt is delayed relative to the smaller reward. Even though delay discounting is the norm, the rate at which individuals discount future reward varies greatly, with high rates of discounting correlating with a variety of psychiatric and behavioral conditions such as psychiatric diseases and behavioral disorders (Koffarnus, Jarmolowicz, Mueller, & Bickel, Because intertemporal choices are common and consequential to private and public life, there is great interest in enumerating the processes that underpin normal and pathological intertemporal choices. While human studies are useful for identifying neural circuits and psychological processes involved in intertemporal decisions, rodent studies are able to extend those findings by disentangling the contributions of specific brain structures and systems. Thus, the aim of this minireview is to present a framework for understanding and advancing intertemporal choice research using rodent models. We begin by briefly describing conceptual and psychological perspectives on intertemporal choice. Then, we summarize rodent studies in order to review and evaluate the neural contributions of brain structures and systems. Finally, we close by highlighting open questions and making recommendations for future study.
Measuring intertemporal choice
Even though it is widely recognized that the goal of value-based decision making is to maximize value, it is difficult to predict an individual's intertemporal choice because valuation is idiosyncratic and driven by delay discounting rate. Thus, to study intertemporal decision making, researchers have developed labo-
